A multivariate analysis of genetic and environmental influences on longitudinal height and weight data from a Swedish twin sample is presented. For height in boys, genetic correlations of ali ages with the first time point decrease during puberty and increase afterwards. A more linear pattern is evident for the girls. For weight in boys, genetic and environmental correlations are similar to the ones for height. Genetic correlations for girls are stable with age, while environmental correlations peak at 13.5 years and decrease drastically thereafter. The patterns for height and weight in boys suggest that a new set of genes may be turned on during puberty and turned off again afterwards. The pattern found for weight in girls indicates that a simple additive genetic model is not appropriate. It is necessary, however, to apply the model to actual data from several time points to recognize the inadequacy of the model.
INTRODUCTION
In recent years, growing attention has been paid to issues concerning genetic continuity throughout development [3, 5, 20, 23] . Analyses of the sort suggested by Plomin and DeFries [20] result in matrices of genetic and environmental correlations, which give an indication of whether the same genes and environments, respectively, influence a character at different ages. Phenotypically standardized covariances are measures of the extent to which genetic and environmental factors contribute to the phenotypic correlations among measures of the same character taken at varying time points [20] . These matrices can be examined to address the issues of whether certain genes turn on and off at various stages, whether they turn off and stay off, etc [4] . In such a way, genetic and environmental contributions to longitudinal stability can be examined. Thus far, only one multivariate genetic analysis of this sort, using longitudinal twin data, has been reported [18] . The present paper reports such an analysis of more extensive longitudinal height and weight data in adolescent Swedish twins from the SLU project [8] .
Several aspects of the present material are advantageous for addressing these issues: 1) The physical measurements are strictly longitudinal, in that the same twin pairs have been measured twice a year from age 10 to 16 for the female twins and to age 18 for the male twins. 2) The physical measurements include both height and weight data, and there is reason to believe that genetic and environmental influences will have different impact depending both on type of variable and sex. Fischbein [9] found, for instance, that MZ and DZ within-pair similarity for height changes in a parallel fashion with age, while there tends to be a divergent trend in similarity for weight, especially for the female pairs. This sex difference in the stability of twin similarity with age may reflect environmental factors, changes in the influence of certain genes, or both.
3) The data have been collected at puberty for both boys and girls which means that in addition to within-pair similarity in height and weight growth, comparisons of peak height and weight similarity have been estimated for the twins [7] . The results indicate that onset of puberty is largely genetically regulated. The SLU-material thus gives the opportunity to investigate a possible change in genetic influence at the time of physical maturation. Three questions can thus be posed: 1) Are the genetic and environmental influences for height and weight at puberty similar to those before and after? 2) Do genetic and environmental factors influence height and weight in the same way? 3) Is the relative impact of genetic and environmental influences on height and weight similar in males and females?
MATERIALS ANO METHODS

Subjects
The SLU-project was started in 1964 in order to study longitudinal physical and mental growth of school children from age 9 to 17 [8, 13] . Another aim was to look into genetic and environmental influences pertaining to growth during this period. The total sample was composed of two main groups: pairs of twins, and class-mates to the twins. The twins (about 30% of the total twin population born in Sweden in 1955) and their class-mates were taken from the 40 larger cities and throughout Sweden. The sample is thus not strictly representative for the country as a whole. It is important to note that, because Sweden has a comprehensive school system from grade 1 to grade 9, the sample was not selected for, eg, socioeconomic background.
Height and weight were measured by school nurses using a standard procedure every half year (in Aprii and October) from 1964 (when the subjects were in grade 3 or age 10) to 1970 (when the subjects were in grade 9 or age 16). Because the children were measured during the same month in each school term regardless of their month of birth, individuai measure-ments were interpolated to specific chronological ages. Data on height and weight measurements were also obtained for approximately 50% of the boys who were completing their tenth school year at secondary school level (age 17) and ali of the boys at age 18 upon induction into the military service.
For classifying zygosity in the like-sexed twin pairs, a morphological diagnosis based on a special schedule from earlier investigations of similarity diagnosis in twins [6, 11] was applied. The teachers were asked if the twins were so similar that they were mistaken for each other by parents, siblings, teachers or friends. The teachers also replied to a question concerning twin similarity in physical appearance (position of the teeth, hair and eye color, shape of external ear, lips and nose and frontal hair line). Finally the teachers, school doctors and school nurses were asked if, in their opinion, the twins were MZ or DZ.
Not more than 10% of the cases are erroneously judged with this type of similarity diagnosis [1] . The reliability of this method can therefore be considered sufficient for group comparisons. A serological analysis has been carried out at the Karolinska Institute, Stockholm, for 71 of the 227 like-sexed SLU twin pairs. Of these, only 3 pairs, or 4%, had been erroneously diagnosed as MZ instead of DZ, and have thus been reclassified. Table 1 shows the number of SLU twins by sex and zygosity. The proportions of MZ, DZ and unlike-sex DZ pairs are approximately in accordance with the proportions for liveborn twins reported in officiai statistics for Swedish cities and towns [16, 17] .
In the present study, data from the MZ and like-sexed DZ twins will be used to illustrate the model described below. 
Model
The path diagram in Fig. 1 (from Plomin and DeFries [20] ) provides the basis for the model. P; is the measured phenotype at one time point and P m is the same phenotype measured at a later time point. G and E symbolize genetic and environmental deviations, respectively, at the different ages and the path coefficients (h and e) are square roots of heritability and environmentality. The genetic correlation (T am ) and environmental correlation (r Eim ) between the measurements of ages i and m are due to genetic and environmental influences that are salient at both ages. From path analytic theory, the phenotypic correlation (r Pim ) can be partitioned into genetic and environmental components as follows: (!) r Pim = n i h m r Gim + ^ e m r E i m where h ( h m h Gim is the phenotypically standardized genetic covariance and q e m r Eim is the phenotypically standardized environmental covariance [2] . 
Time 1 Time 2 usi).
Genetic correlations and environmental correlations can be estimated from twin data by methods that are analogous to those used to estimate heritability and environmentality [19] . The heritability of a character at time i is estimated by doubling the difference between the MZ and DZ intraclass correlations: The phenotypically standardized covariances are relevant for assessing the relative contribution of genetic and environmental influences to phenotypic stability. Genetic and environmental correlations, r Gim and r Eim , may then be solved by division by the product of the roots of heritabilities and environmentalities, respectively. These correlations are unlike product moment correlations in that they may be greater than 1 or less than -1. The genetic and environmental correlations address the question: do the same genes and environments, respectively, influence a character at ages i and m or are different sets of genes or environmental influences involved at these ages? Because the genetic and environmental correlations are more relevant to the questions posed in the introduction, we will emphasize the correlations rather than the covariances.
RESULTS
Height
Phenotypic correlations (r^ between the first time point and subsequent time points based on the total sample for height are presented in Table 2 . These correlations with the first time point and each of the subsequent measurents give an indication of stability (Fig. 2) . A trend of lower correlations at the time of puberty can be seen for both boys and girls, although the "growth spurt effect" is more pronounced for the boys. (The definitions of puberty and growth spurt effect have been discussed earlier [7] ).
Intraclass correlations were computed using a doublé entry technique [22] and pairwise deletion of data. Hence, correlations for some of the later time points are based on somewhat smaller sample sizes than reported in Table 1 . Genetic and environmental correlations for height in boys and girls, are also presented in Table 2 .
For ease in interpretation, plots of the genetic and environmental correlations between the first time point and each of the later ages are presented in Figs. 3 and 4 for boys and girls, respectively. These plots depict the extent to which genetic and environmental factors relevant prior to puberty are also of importance at the various ages after that point. For the boys, the genetic correlations form a U-shaped curve with low points evident during the time of puberty. The environmental correlations are in an inverted U form. Genetic correlations for the girls are represented by a more linear trend decreasing with age. This is also generally true for the environmental correlations, although an increase is seen at around 15 years of age. Table 3 presents phenotypic correlations for weight in boys and girls. These correlations, depicted in Fig. 5 , decrease with age for both sexes. In Table 3 , the genetic and environmental correlations are also presented. At the last time point for the girls, bivariate heritability was greater than one, hence environmentality and the resultant environmental correlations were negative. This indicates that a simple additive genetic model at least for that time point is not appropriate.
Weight
Figs. 6 and 7 depict the genetic and environmental correlations for weight with the first time point. The pattern for the boys is similar to that for height. For the girls, however, the genetic correlations are relatively stable with age while the environmental correlations rises to a sharp peak during puberty and drops drastically thereafter. 
DISCUSSION
These results represent an attempt at applying one sort of multivariate behavior genetic analysis to longitudinal data. The generally greater variability for height among boys at puberty [14] is reflected in greater fluctuations in the patterns of genetic and environmental correlations in boys than in girls. These patterns suggest that a new set of genes for height may be temporarily turned on during the growth spurt phase, and, at least for boys, turned off again after this period. The same patterns in genetic and environmental correlations with the first time point are also evident for weight in boys. Perhaps many of the same sort of mechanisms are influencing weight as are influencing height. For the girls, however, quite a different picture develops. Genetic correlations for weight in girls are nearly the same throughout the 5-year period, whereas environmental correlations peak at 13.5 years and drop drastically thereafter. The extreme reduction to a negative environmental correlation after puberty reflects the fact that there is a major divergence in twin similarity with age in the girls, ie, DZ twins appear less similar with age whereas MZ twin similarity remains relatively stable. This type of result indicates that a single additive genetic model is not appropriate for the data.
Fischbein [9] has proposed that this divergence reflects a dynamic GÈ interaction and correlation whereby certain genotypes respond differently to the specific environments. A similar theory, which is compatible with the present results, has also been presented by Scarr and McCartney [21] . DZ twins, sharing only half of the genetic variance, would be more dissimilar if this type of GÈ interaction is present. Other explanations for this divergence include nonadditive effects of epistasis and dominance variance, which would tend to reduce the DZ correlation. Alternatively, greater DZ discordance for turning on and off of various sets of genes in a manner analogous to "emergenesis" [15] contribute to DZ divergence. The present data demonstrate, however, that for weight in girls, the genetic correlations are relatively stable, suggesting that the DZ discordance may indeed be a result of dynamic GÈ interaction and correlation. In the absence of longitudinal adoption data, this hypothesis remains plausible but not confirmed. The presence of nonadditive genetic effects, however, can and will be tested using structural model fitting procedures (eg, with LISREL by Jòreskog and Sòrbom [12] ).
In summary, the three questions posed in the introduction may be responded to as follows: 1) Genetic and environmental factors for height and weight appear to change during puberty and, 2-3) The same pattern of genetic and environmental factors is evident for both height and weight for boys, but is different for weight in girls. Finally, we have learned, by applying the model to actual longitudinal twin data, that: 1) The inadequacy of the model could not be demonstrated without having access to actual data for serverai time points; 2) Even if the model does not fit, it has to be tested by using real data.
